We present a study of thermally activated changes in Au films, 1-10 monolayers thick, on Pd(110). The films are stable against bulk dissolution until ∼500 K, based upon Auger electron spectroscopy. For Au coverages below 1.5 monolayers, only a (1×1) overlayer structure is observed with low-energy electron diffraction over the entire temperature range studied (130-800 K). At coverages above 1.0 monolayers and after annealing to temperatures above 300 K, a (1×z) diffraction pattern develops. With increasing coverage the value of z increases continuously from 2 to 3, reaching z=3 at 4 monolayers. We propose that the diffraction pattern reflects a coverage-dependent mixture of small domains of (1×2) and (1×3) reconstruction, with the (1×2) favored at low coverage and the (1×3) favored at high coverage. This model is rationalized in terms of the film's coverage-dependent morphology, which can be described as Stranski-Krastanov with a critical thickness of 2 monolayers.
I. INTRODUCTION
The (110) faces of Au, Pt, and Ir are known to exhibit (1Xn) "missing-row" reconstructions, where n can take the values of 2 and 3, and even higher integers (e.g. , see . It is the objective of this study to determine
whether and under what conditions Au films may reconstruct when grown on the (110) face of another fcc metal which does not reconstruct, Pd. ' For the clean (110) surface of bulk Au, (1X2) reconstructions are most frequently reported in the literature, ' ' but (1X3) structures have also been reported. ' ' We observe both of these structures for the Au films, their formation depending directly on the film thickness and annealing temperature.
In a previous paper, we described the growth mode and CO chemisorption properties of Au/Pd(110) 
II. EXPERIMENTAL PROCEDURES
Most of the experimental procedures are described else- where.
In brief, the experiments take place in an ultrahigh-vacuum system equipped for Auger electron spectroscopy (AES), mass spectrometry, ion bombardment, low-energy electron difFraction (LEED) , and Au evaporation. The relative Au coverage, following evaporation, is determined using AES. The relationship between this measure of relative coverage and the absolute coverage is presented elsewhere.
[ 
III. EXPERIMENTAL RESULTS
For Bz"~1, a simple (1X 1) diffraction pattern is observed, with no fractional-order spots or streaking detectable at any temperature.
At 6&")1, fractional-order beams appear, reach maximum intensity, then disappear as the film is progressively annealed. These trends are evident in the spot profiles of Fig. 1 . At a coverage of 1.5 ML [ Fig. 1(a) ], a (1Xz) superstructure forms irreversibly above 300 K, becomes most intense at 530 K, and then fades at higher temperature.
The superstructure spots are very close to the half-order position, although a small splitting about the half-order position is visible after annealing to 310 K. At higher temperature, this splitting disappears and z=2. At 2 ML [ Fig. 1(b Table I IV. DISCUSSION Refs. 10, 14, and 15) . The less-common (1 X 3) structure is also assigned to a missing-row structure, as shown in Fig. 6(c) . ' ' In the (1 X 3), there are three missing rows per (1 X 3) unit cell, two in the first layer and one in the second layer. Thus the troughs (facets) are deeper in the (1 X 3) structure than in the (1 X 2). In going from the (1 X 1) to the (1 X 2) or (1 X 3), it is necessary that some of the rows "disap- reconstruction is lower than that required for the (1 X 3).
We first observe the (1 X2) reconstruction at BA"=1.5, where half the surface is covered by a two-layer film. This suggests that the minimum local thickness for the (1 X 2) is 2 ML. only one layer deep, and create additional (1X2). Even at this coverage, however, there is some splitting due to a small contribution from (1 X3) areas, suggesting that the two-layer film is not spatially uniform. Note also that the (1 X 2) pattern formed at this coverage is much brighter than the superstructures formed at higher coverage, for instance at 530 K (cf. Fig. 5 ). This demonstrates that the progression from (1 X 2) to (1 X 3) superstructures with increasing coverage is accompanied by a decrease in the number of scatterers from which these patterns originate.
At eA") 1.5, the contribution of the (1 X 3) increases at the expense of the (1 X2), until third-order spot positions are reached at 4 ML. This may be due in part to the simple fact that, as eA" increases, areas of the Au film grow deep enough to support the (1 X 3) reconstruction -which, by analogy with the (1 X 2), would require a local depth of three layers [cf. Fig. 6(c) ].
However, this alone is not sufficient to explain the intensity variation with coverage shown, e.g. , in Fig. 5 , as well as the fact that the (1 X 3) is not the preferred reconstruction of bulk Au(110) under these conditions. Therefore we postulate that film morphology controls the transition from the (1 X 2) to (1 X 3) reconstruction with increasing coverage. Our model is shown in Fig. 7 It is interesting to note that the variation of superstructure intensity with temperature at fixed initial BA" (Fig. 5) is almost a mirror image of its variation with increasing BA", at fixed annealing temperature (Fig. 4) . A similar reversal is also displayed in the variation of superstructure periodicity with temperature and coverage. With increasing temperature at fixed initial coverage, the system progresses from a (1 Xz) to a (1X2) (Fig. 1) , whereas with increasing coverage at fixed annealing temperature, the opposite progression can be followed -from (1 X 2) to (1Xz) (Fig. 2) . This reversibility suggests that the major effect of annealing and dissolution is simply to cause a decrease in film coverage.
For instance, in Fig. 6 , at eA"=3, annealing above room temperature brings on the faint (1 Xz) structure, where z is intermediate between 2 and 3. However, upon annealing above 640 K, the intensity abruptly rises; Fig. 1 shows that this corresponds to the return of the (1 X2) structure. The AES data of Fig. 3 show that dissolution of Au accompanies these changes, and we propose that at about 640 K dissolution has reduced the effectiue e~" to 1.5 -2 ML. [By speaking of an effective coverage, we acknowledge that the concentration gradient of Au in the bulk has an unknown effect on the properties of the surface layer(s), and specifically on the absolute coverages required to achieve certain reconstructions, under these conditions. ] Thus the film becomes smooth, the (1 X 3) is destabilized, and large (1X2) domains replace it. Above 740 K, the effective OA"drops below 1.5 -2 ML, and the LEED pattern reverts abruptly to the (1 X 1). Figure 3 confirms that massive dissolution has occurred by this temperature.
It must be noted that the thermal variation of superstructure intensity at 1.5 ML diverges significantly from the pattern established at other coverages. Not only is the superstructure more intense, but reversion to (1 X 1) occurs at much lower temperature, 530 K. Perhaps this reAects a relatively low stability against thermal dissolution at OA"&2. Unfortunately, the AES data are not adequate to support or disprove this possibility.
V. CONCLUSIONS
The major results of this work can be summarized as follows.
(i) Au films on Pd(110) exhibit (1 X2), (1 X 3), and intermediate (1Xz) superstructures upon annealing between 300 and 800 K. We propose that these represent bulklike missing-row reconstructions, whose formation is thermally activated. The intermediate (1 Xz) superlattice is then a mixture of small domains of (1 X 2) and (1 X 3).
(ii) The minimum total coverage required for the (1 X2) is 1.5 ML. At lower coverage, there is no evidence of superstructures. We propose that the depth of the facets in the (1 X2) reconstruction is such that a local thickness of 2 ML is necessary to support it.
(iii) As B~" increases from 1.5 to 6, the (1Xz) superstructure becomes increasingly faint. Simultaneously, the value of z changes smoothly from 2 to 3. We attribute this to a coverage-dependent mixture of small (1 X 2) and (1 X 3) domains, with the (1 X 3) favored by higher e~".
The coverage dependence may spring from the SK growth mode, where three-dimensional clustering occurs above 2 ML. The clusters deplete the surface area available for reconstruction, and favor the (1 X 3) over the (1 X 2) by enhancing surface roughness.
(iv) The (1 X 2) pattern is regained, and the superstructure intensity is enhanced, by annealing above 640 K.
This probably occurs because dissolution brings the effective surface coverage of Au down to 1.5 -2 ML, at which point the three-dimensional clusters are no longer stable. However, it is also possible that an ordered (1 X 2) surface alloy forms under these conditions.
